Objective. Sleep is restorative, essential, and beneficial to health. Prevalences of some diseases have been associated with sleep duration. There are few studies in the literature on the relationship of sleep duration and arthritis stratified by sex in older adults. The purpose of this research is to investigate sleep duration among older adults in the United States who have self-reported diagnosis of arthritis. Methods. A cross-sectional study design was used. The data source was the National Health and Nutrition Examination 2009-2010 and 2011-2012. Self-reported diagnosis of arthritis and sleep duration were the variables of interest. Results. There were 4,888 participants, aged 50 years and above, of whom 41.6% self-reported having a diagnosis of arthritis, and 60.6% were female. Of the people who had a self-reported diagnosis of arthritis, 15.2% reported sleeping 2-5 hours as compared with 10.9% of the people who did not have a self-reported diagnosis of arthritis ( = .0004). In bivariate analysis of self-reported diagnosis of arthritis and sleep stratified by sex, there were significantly more people with self-reported diagnosis of arthritis who slept 2-5 hours for both women ( = 0.0192) and men ( = 0.0231). The overall relationship remained significant in adjusted overall logistic regression comparing for self-reported diagnosis of arthritis for 2-5 hours of sleep (with 6-7 hours of sleep as the reference) (odds ratio: 1.35 [95% CI: 1.08, 1.70; = 0.0103]); however, when the data were stratified by sex, the association failed to reach significance. Conclusion. In this analysis of noninstitutionalized older adults in the United States, the prevalence of a self-reported diagnosis of arthritis was associated with shorter sleep duration in the overall analyses, but the association failed to reach significance when stratified by sex.
Introduction
Arthritis is a term that has been associated with more than 100 forms of joint pain. Several common types are osteoarthritis (also called degenerative arthritis); rheumatoid arthritis (an autoimmune disease); psoriatic arthritis; and gout. The most common form of joint disease, chronic joint pain, and disability is osteoarthritis [1, 2] . Worldwide, there are an estimated 9.6% of older men and 18% of older women who have osteoarthritis [3] . Degeneration of the cartilage at the joints due to damage from injury, overweight, use, or overuse occurs in weight-bearing joints over time. Knee/hip osteoarthritis was the 11 th reason in global disability determined from the Global Burden of Disease Study, 2010 [2] . Pain management/joint replacement are the available treatment options for osteoarthritis [4] .
Rheumatoid arthritis occurs when the immune system attacks a person's joints. Joint pain and damage can occur with the associated inflammation. The inflammation is thought to be related to tumor necrosis factor and interleukin-1 causing 2 Sleep Disorders the immune system to overreact [5] . In addition to painful joints, people with rheumatoid arthritis often feel tired.
In the US psoriatic arthritis occurs in about 11% of people with psoriasis [6] . The prevalence of psoriasis is 0.25% in the US [6] . The skin and joints become inflamed with psoriatic arthritis.
Gout occurs when uric acid crystals concentrate in a joint, typically the big toe. The pain is often associated with excessive drinking, drugs, or stress. Untreated, gout can progress to affect other joints and the kidneys.
Management of the many types of joint pain is specific to the unique causes. Unfortunately, there is a great deal of confusion about arthritis in general when people are not specific about the type of arthritis being discussed.
However, arthritic symptoms from any of the many types of arthritis impact quality of life, trend to disability, and are associated with high economic burdens [7] . Arthritic symptoms are influenced and modified by, as well as influence and modify, many factors including sleep. It is theorized that sleep is restorative, protective, instinctive, conservative, and necessary for a good quality of life, both physically and psychologically [8] . As individuals grow older, sleep duration decreases while waking frequency increases [9, 10] . An individual's sex and health status are two major factors that may account for the variation in sleep patterns observed in studies involving sleep and age [10] . In general, sleep duration for healthy adults is approximately 7-9 hours [9, 11].
Sleep Studies.
For older adults, researchers of a study of 1,026 older adult participants in Paris [12] , as well as a study of 66,478 adult participants in Korea [9] , indicated a median night-time sleep duration of 7 hours. Researchers using the Behavioral Risk Factor Surveillance System, 2014, reported that more than a third of US adults were sleeping fewer than 7 hours each night [13, 14] . Short sleeping older adults were identified by researchers as sleeping less than 6 hours per night and long sleepers as sleeping more than 9 hours per night in a study on global aging and health in adults who were aged 50 years and above [15] . In the United States, 37.3% of adults aged 45-64 years and 26.3% of adults older than 65 years reported a sleep duration of less than 7 hours [13] . There were 62.7% and 73.7%, respectively, who reported more than 7 hours of sleep [13] .
Arthritis and Sleep
Studies. Individuals with arthritis are thought to have a bidirectional relationship of arthritic symptoms and sleep duration [16] . Fatigue in participants with rheumatoid arthritis (RA) was shown to be associated with poor sleep quality in a small sample ( = 158) of older adults in the United States [17] , and in a sample ( = 986) of participants from Norway [18] . Previous researchers have indicated that certain disease prevalences were affected by sleep duration. Sleep and arthritis have been investigated, but few researchers have evaluated subgroups. The researchers conducting analyses involving subgroups by race/ethnicity in the United States found no differences in total sleep time in older adults with osteoarthritis ( = 124) [19] . Similar research of older adults with arthritis based upon sex has been limited to a study using Korea National Health and Nutrition Examination Survey 2010-2013 data, in which researchers did find a relationship of sleep duration and osteoarthritis [16] .
The purpose of this research is to investigate sleep duration by sex among older adults in the United States who have self-reported diagnosis of arthritis using data from the National Health and Nutrition Examination Survey, 2009-2012. The null hypothesis is that the odds for sleep duration for people with self-reported diagnosis of arthritis are equal to the odds for sleep duration for people without self-reported diagnosis of arthritis, stratified by sex with an a priori value established at < 0.05.
The Krieger Ecosocial epidemiological theory was used for the theoretical framework of the study. In the theory many factors should be included when attempting to determine associations with the embodiment of an outcome/condition/disease including those which are biological, behavioral, and physical/environmental, and those related to accountability and agency within societal and ecosystem levels from the individual, to households, groups, regions, and nations and globally over the course of life [20] . In this framework, sleep duration is expected to have a biological difference with sex hormones and the reproductive system contributing as factors, as well as sex, differences in work, recreation, lifestyle, habits, stress, psychosocial factors, healthcare access, etc. [8] .
Materials and Methods
The National Health and Nutrition Examination Surveys This study had a cross-sectional, observational, epidemiological research design, based upon the study design of Jung et al. [16] . Guidelines from the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) were followed for this study.
The researchers who completed the NHANES used a stratified, multistage probability sampling design for the NHANES 2009-2012 surveys. The participants were noninstitutionalized United States civilians with an oversampling of minority subgroups. The NHANES data for this study are publicly available. Additional information about the NHANES and access to the data are available at https://wwwn .cdc.gov/nchs/nhanes/Default.aspx.
Study Sample.
The inclusion criteria for participants in this study of self-reported diagnosis of arthritis and sleep duration were that participants were aged 50 years or above, and that they had no missing data on self-reported diagnosis of arthritis status, number of hours that are routinely slept, sex, race/ethnicity, education, smoking, insurance, body mass index, and self-perceived health status.
Measures: Main Variables of
Interest. The study's main variables were self-reported diagnosis of arthritis and sleep duration. The self-reported diagnosis of arthritis variable was created from a question posed to NHANES participants about their arthritis status (yes/no). The question was: "Has a doctor or other health professional ever told you that you had arthritis?" [21] . Sleep duration/the number of hours of sleep was created from a question posed to NHANES participants about the number of hours routinely slept by the participants: "How much sleep do you get (hours)?" [21] .
Measures: Covariables.
Other variables for the study were sex (male; female), race/ethnicity (non-Hispanic White, nonHispanic Black, Mexican-American, and other), age (50 to less than 60, 60 and above), smoking status (current smokers, former smokers, and never smokers), body mass index (less than 25, 25 to less than 30, and 30 and above), insurance (insured, not insured), and self-perception of health (excellent/very good, good, and fair/poor).
Statistical Analyses.
The statistical tests used in this study were Chi square tests for bivariate associations between selfreported diagnosis of arthritis and the other variables. Unadjusted logistic regression analyses were used to determine the association of arthritis and the sleep variable (1) in overall analyses; (2) in subgroup analysis by females; and (3) in the subgroup analysis by males. The adjusted logistic regression analyses included the other variables listed above. Sampling weights, primary sampling units, domain, and strata were accounted for in the data analyses. The analyses were completed with the Statistical Analysis System Software (SAS5 version 9.3, SAS Institute, Inc., Cary, NC, USA).
Results

Study Sample Description.
This study included 4,888 participants. There were 76.7 (weighted) % non-Hispanic White participants, 9.9% non-Hispanic Black participants, 4.2% Mexican-American participants, and 9.2% other participants. More participants were aged 60 years and older, had more than a high school education, and slept 6-7 hours (57.7%, 57.8%, and 51.4%, respectively). There were 41.6% ( = 2, 132) of the participants who self-reported a diagnosis of having arthritis. Of the participants with a self-reported diagnosis of arthritis, 60.6% were female. Sample details are presented in Table 1 .
Bivariate Associations with Self-Reported Diagnosis of
Arthritis. Also presented in Table 1 are the bivariate associations of self-reported diagnosis of arthritis and the other variables. For the main variable of interest, hours of sleep, 15.2% of participants with a self-reported diagnosis of arthritis reported sleeping 2-5 hours as compared with 10.9% of the people who did not self-report a diagnosis of arthritis ( = .0004). In bivariate analysis of self-reported diagnosis of arthritis and sleep stratified by sex, there were significantly more people with self-reported diagnosis of arthritis who slept 2-5 hours for both women ( = 0.0192) and men ( = 0.0231).
Other significant overall bivariate associations with selfreported diagnosis of arthritis were with race/ethnicity, age, education, smoking, body mass index, insurance, and perceived health status. More people who were non-Hispanic Black (44.8%) and non-Hispanic White (42.2%) self-reported a diagnosis of arthritis than people who were MexicanAmerican (35.6%) ( = 0.0013). The race/ethnicity relationship with self-reported diagnosis of arthritis was not significant when stratified by sex for males. It remained significant; for females there were 25.6% of Mexican-American females who self-reported a diagnosis of arthritis compared with 36.0% of non-Hispanic Black women and 36.1% of nonHispanic White women ( = 0.0115).
More adults aged 60 years and above, as compared with adults aged 50-59, self-reported diagnosis of arthritis (48.4% as compared to 32.3%, < .0001). The results remained significant concerning age and self-reported diagnosis of arthritis in subgroup analysis for females, as well as for males ( < .0001).
People with a high school education or less were more likely to report a diagnosis of arthritis (44.5%) as compared with people having more than a high school education (39.4%, = 0.0044). The relationship remained significant concerning education and self-reported diagnosis of arthritis in subgroup analysis for females ( = 0.0143) but failed to reach statistical significance for males ( = 0.7210).
There were 38.1% of never smokers who reported a diagnosis of arthritis, as compared with 46.2% of former smokers and 42.2% of current smokers ( = 0.0012). The relationship remained significant concerning smoking status and diagnosis of arthritis in subgroup analysis for females ( = 0.0055) and males ( < .0001).
People with a body mass index of 30 and above and people with a body mass index of 25-29 were more likely to report a diagnosis of arthritis (38.6% and 36.1%, respectively) as compared with people with a body mass index of 24 or less (25/4%, < .0001). The relationship remained significant concerning body mass index and self-reported diagnosis of arthritis for both females ( < .0001) and males ( = .0002).
People who did have insurance were more likely to selfreport a diagnosis of arthritis as compared with people who did not have insurance (43.0% versus 29.7%, = 0.0002). The relationship failed to remain significant for females. There were 37.0% of males with insurance and 19.2% of males without insurance who self-reported a diagnosis of arthritis ( < .0001).
There were 55.8% of people with a self-perception of fair/poor health who reported a diagnosis of arthritis as compared with 45.5% of people with a self-perception of good health and 31.4% of people with a self-perception of excellent/very good health who reported arthritis ( < .0001). The relationship of perceived health status and self-reported diagnosis of arthritis remained significant in subgroup analysis for males and females ( < .0001). Hours of sleep were 2 to less than 5.5, 5.5 to less than 7.5, 7.5 to less than 9.5, and 9.5 and above. Age was 50 to less than 60 and 60/above. Body mass index was 0 to less than 25, 25 to less than 30, and 30/above. wt, weighted; NHW, non-Hispanic White; NHB, non-Hispanic Black; Mex-Am, Mexican-American; ≤, less than or equal to; HS, high school; >, greater than; and v, very.
Sleep Disorders 5 Hours of sleep were 2 to less than 5.5, 5.5 to less than 7.5, 7.5 to less than 9.5, and 9.5 and above. ¡sup/¿Adjusted for age (50 years to less than 60, 60 and above), race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican-American, and other), education (high school graduate or less, more than High School), smoking (current, former, and never), insurance (insured, not insured), self-perception of health (excellent/very good, good, and fair/poor), and body mass index (0 to less than 25, 25 to less than 30, and 30 and above).
Results of Logistic Regression Analyses.
Overall unadjusted and adjusted logistic regression analyses and sex subgroup unadjusted and adjusted logistic regression analyses are presented in Table 2 . The overall unadjusted odds ratio (OR) of having self-reported a diagnosis of arthritis and sleeping 2-5 hours was 1.49 [95% Confidence interval (CI): 1.18, 1.87; < .0001] as compared with sleeping 6-7 hours. It remained significant in the adjusted model in which the adjusted OR was 1.35 [95% CI: 1.08, 1.70; = 0.0103].
Stratified by the female sex, the unadjusted OR of having self-reported diagnosis of arthritis and sleeping 2-5 hours was 1.56 [95% CI: 1.14, 2.13; = 0.0190] as compared with sleeping 6-7 hours. However, the relationship was attenuated and failed to reach significance in the adjusted model in which the adjusted OR was 1.29 [95% CI: 0.94, 1.77; = 0.1132].
Stratified by the male sex, the unadjusted OR of having self-reported diagnosis of arthritis and sleeping 2-5 hours was 1.41 [95% CI: 0.98, 2.02; = 0.0622] as compared with sleeping 6-7 hours. In the adjusted model, the adjusted OR was 1.40 [95% CI: 0.94, 2.08; = 0.0977]. Both unadjusted and adjusted failed to reach significance.
Discussion
Previous researchers have reported that there are certain disease prevalences and outcomes that were found to be associated with hours of sleep. For example, Katsagoni et al. reported that having a healthy diet-optimal sleep lifestyle was inversely associated with liver stiffness and insulin resistance [22] . Yeo et al. reported that mortality from cardiovascular disease and respiratory disease increased in participants who slept ≤5 hours as compared with participants who slept 7 hours [23] . Choi et al. reported an increase in atopic dermatitis and asthma in females with sleep duration ≤5 hours compared with participants who slept 7 hours [24] . And Jung et al., who evaluated data from patients who had knee or hip joint radiography, reported that male patients who slept 0-3 hours and 4-5 hours had adjusted odds ratio of 2.28 and 1.38 for osteoarthritis, respectively, as compared with patients who slept 6-7 hours; and, for the women patients, the respective adjusted odds ratios for osteoarthritis were 1.63 and 1.26 [16] .
The researchers for this study examined the relationship between self-reported diagnosis of arthritis and sleep duration in older adults, aged 50 years and above. The most common sleep duration category was 6-7 hours. Few participants (12.7%) reported limited sleep (2-5 hours per night). The self-reported diagnosis of arthritis was high (41.6%) in this group of older adults. Overall, there was a relationship of limited sleep and self-reported diagnosis of arthritis (adjusted odds ratio: 1.35 [95% CI: 1.08, 1.70; = 0.0103]). Adjusted odds ratios stratified by male or female sex failed to reach significance.
Similar Studies in Support of or in Contrast to This Study's
Results. Jung et al. conducted a study in Korea and reported the adjusted odds ratios for osteoarthritis based upon hours of sleep for men (3.22) and women (2.05), both of which were statistically significant [16] . Although the adjusted overall relationship of self-reported diagnosis of arthritis (the variable used in this study) was significant and positive in this study (1.35) , the adjusted odds ratios for females (1.29) and males (1.40), although positive, were not statistically significant. Jung et al. study's variable was osteoarthritis based upon a radiographic criterion of a knee/hip joint Kellgren-Lawrence grade of 2 or above, whereas self-reported diagnosis of arthritis was the variable used in this study.
The findings of this study were similar to a study conducted by Dai and Hao in 2017 who used 2014 Behavioral Risk Factor Surveillance System data and found significant associations of very short sleep duration, less than 5 hours, and arthritis, but failed to find significance in sleep duration and sex [14] . Researchers of a recent study of 2,682 people, aged 45 years and above, with/without symptomatic osteoarthritis of the knee or hip in Johnston County, NC, US, reported that 55% of all individuals in the study had insufficient sleep and the individuals with symptomatic osteoarthritis had an unadjusted odds ratio of 1.35 (95% CI 1.12-1.62) for insufficient sleep as compared with individuals who did not have symptomatic osteoarthritis of the knee or hip [25] . The overall unadjusted odds ratio for this current study is in agreement with the Johnston County, NC, US, study's overall results which was one of the first to investigate sleep disturbances in people with/without osteoarthritis [25] .
Researchers in Egypt used the Pittsburgh Sleep Quality Index (PSQI) and compared men and women with/without arthritis and reported that "poor sleepers" (who were identified using PSQI definitions) were more likely to have arthritis, but no significant association between the PSQI and gender was reported [26] . These overall results of no differences in sleep duration between men and women are similar to the results of a meta-analysis of sleep in adults aged 58 years and above [8] .
Study Strengths and Limitations.
A study strength was the use of a large, valid, consistently running, and nationally representative study of United States residents. As this was a large study, many factors known to influence arthritis and sleep could be included in the analyses to allow for adjusted odds ratios and the influence of other factors. Another strength is the use of categories consistent with previous research [16] so that any future meta-analysis would have greater validity. The use of categories, rather than specific number of hours, also helps in reducing the potential for selfreporting errors.
A characteristic of cross-sectional epidemiological studies (rather than a specific limitation) is that causation cannot be inferred. This does limit the results of this or any crosssectional study in terms of assessing causation. Therefore, epidemiological studies are often followed by clinical studies to document temporal associations.
Another limitation of this study was the use of self-reports for both diagnosis of arthritis and sleep duration. Self-reports can be influenced by poor recall of the participants, or by a desire to respond to the interviewer in a socially acceptable manner (social desirability bias), or by misunderstanding a question. The question posed to the participants about arthritis was a general question as to if he or she had received a diagnosis for arthritis. The type of arthritis was not specified. There is a potential that the participant understood the question to only mean osteoarthritis or rheumatoid arthritis. However, self-reports are often used in epidemiological studies, and the NHANES researchers have developed their surveys to be valid and reliable over the years since the NHANES began in 1971.
Conclusion
Our results, and those of other researchers, highlight the importance of adequate sleep duration. In this analysis of noninstitutionalized older adults in the United States, the prevalence of a self-reported diagnosis of arthritis was associated with shorter sleep duration in the overall analyses, but the association failed to reach significance when stratified by sex.
Data Availability
Previously reported and published data from the National Health and Nutrition Examination Survey, 2009-2012, were used in this study and are available at https://wwwn.cdc.gov/ nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2011. The dataset is cited at relevant places within the text as reference [21] .
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